The production method of germline chimeras by transfer of primordial germ cells (PGCs) can be used in gene banking of chickens. However, little is known about the reproductive capability of offspring obtained by mating of male and female germline chimeras. To cryopreserve chicken genetic resources at the cellular level in future, it is necessary to demonstrate whether offspring originating from donor-derived PGCs have normal reproductive capability. In this study, we attempted to obtain the pure Hinai-droi offspring by mating of male and female germline chimeras produced by the transplantation of Hinai-dori PGCs into the Akita White Leghorn line (WL) embryos. Hinai-dori offspring from germline chimeras were screened using the Hinai-dori-specific autosomal microsatellite marker, namely, ADL0315, which allows distinction between the Hinai-dori breed and Akita WL. After sexual maturity of the Hinai-dori offspring originating from donor-derived Hinai-dori PGCs, the reproductive capability (egg production rate, fertilization rate and hatchability) was examined. Percentage hen-day egg production was investigated between 21 and 60 wk of age, and fertilization rate and hatchability were investigated between 43 and 60 wk of age, respectively. Among the 105 progeny obtained by mating of male and female germline chimeras, a single brown-colored female hatchling was obtained. The results from molecular genotyping using the Hinai-dori-specific microsatellite marker ADL0315 were consistent with results from morphological identification, and the browncolored female hatchling was identified as the pure Hinai-dori breed. The mean percentage hen-day egg production, fertilization rate and hatchability of the Hinai-dori hen were 36.4%, 58.1% and 53.2%, which were similar to those of normal Hinai-dori hens. These results indicated that the pure Hinai-dori offspring originating from donor-derived Hinai-dori PGCs has normal reproductive capability.
Introduction
Poultry-derived genetic resources are invaluable to the livestock industry for the sustained production of meat and eggs and for fundamental research in agriculture, medicine, and basic biology. Because genetic resources cannot be recovered, once they are lost, cryopreservation of poultryderived genetic material is imperative. At present, poultry genetic resources are maintained by collecting living birds, which require space and are expensive to maintain. Additionally, infectious diseases including the highly pathogenic avian influenza pose a constant threat to living birds. Cryopreservation of the germplasm at the cellular level will avoid such risks. However, the cryopreservation of avian germplasm is challenging because avian assisted reproductive technologies lag far behind those used in mammals. Techniques for freezing embryos that are widely used to cryopreserve embryos of certain mammalian species (Dobrinsky, 2002; Massip, 2003) cannot be utilized to store avian genetic materials.
Primordial germ cells (PGCs) are the progenitors of gametes. The recent development of techniques for produc-tion of germline chimeras by transfer of PGCs (Petitte et al., 1990; Tajima et al., 1993) has provided an important breakthrough for assisted reproduction in poultry. PGCs obtained from different developmental stages can give rise to functional gametes after transplantation (Vick et al., 1993; Naito et al., 1994a; Mozdziac et al., 2006) . Chicken PGCs can be cryopreserved in liquid nitrogen by using a simple protocol, without losing their propagative capability (Naito et al., 1994b; Tajima et al., 1998; Kuwana et al., 2006; Nakamura et al., 2010b) , thereby providing an alternative method for the long-term storage of both male and female avian genetic material. It has been demonstrated that frozenthawed chicken PGCs can differentiate into functional gametes after transplantation and give rise to viable offspring using commercial chicken breeds (Naito et al., 1994b) . Recently, endangered and rare chicken breeds such as Kureko-dori, which was designated a Kumamoto prefectural natural treasure, and Gifujidori, which was designated a Japanese natural treasure were regenerated from cryopreserved PGCs through transfer into recipient chicken embryos (Kuwana et al., 2006; Nakamura et al., 2010b) . These results allowed that the cryopreservation of PGCs can be applied to the cryobanking of chicken. However, to date, little is known about the reproductive potential of offspring obtained by mating of male and female germline chimeras. To cryopreserve chicken PGCs as germplasm in the future, it is necessary to demonstrate whether offspring originating from frozen-thawed PGCs have normal reproductive capability.
The Hinai-dori fowl is a chicken breed native to the Hinai area in the Akita Prefecture, and this breed was designated a Japanese natural treasure in 1942. Hinai-dori fowl are important not only as companion animals but also for food production, as they are used to produce the Hinai-jidori, one of the most popular brands of chicken in Japan Takahashi, 2007, 2010) . Therefore, cryobanking of the Hinai-dori breed is a matter of importance. In the present study, we attempted to obtain the pure Hinai-dori offspring by mating of male and female germline chimeras produced by the transplantation of Hinai-dori PGCs into the Akita White Leghorn (WL) embryos. Hinai-dori offspring was identified using the Hinai-dori-specific autosomal microsatellite marker which allows distinction between the Hinaidori breed and Akita WL. Finally, the reproductive capability of the pure Hinai-dori offspring originating from donor-derived Hinai-dori PGCs was examined.
Materials and Methods

Animal Care
All animal care and use in this study was in accordance with the Guidelines for Proper Conduct of Animal Experiments (Science Council of Japan, 2006). Hinai-dori and White Leghorn (WL) chickens were maintained at the Akita Prefectural Livestock Experiment Station Farm.
Microsatellite Genotyping of Hinai-dori and WL
For germline chimera production, circulating PGCs (cPGCs) or gonadal PGCs (gPGCs) were transplanted into WL embryos. The recipient WL, a breed that possesses white feathers and are homozygous dominant (I/I) for dominant white, and the offspring therefore have white feathers. In contrast, the donor Hinai-dori, a breed that has pigmented (brown) feathers and are homozygous recessive (i/i) for dominant white, but the hatchlings show various feather colors a few days after hatching (Fig. 1) . Therefore, molecular genotyping is required to enhance reliability of screening Hinai-dori hatchlings from offspring obtained by crossing germline chimeras because morphological identification is not reliable. We previously verified that there are six microsatellite makers that are specific to Hinai-dori breed-specific allele when the quantitative trait loci for growth traits was analyzed using the autosomal microsatellite makers in the low-and high-growth Hinai-dori lines cross- bred chickens (Rikimaru et al., 2011b) . In the present study, we attempted to use the six autosomal microsatellite makers for identification of Hinai-dori breed from WL. A list of all markers used in the present study is provided in Table 1 , including the autosomal location of the markers and the allele size. To select WL breeds that can identify from Hinai-dori using any of six microsatellite markers, Hinai-dori and four WL lines such as Akita Prefectural Livestock Experiment Station farm (Akita) (n＝55), Naro Institute of Livestock and Grassland Science (NIGLS) (n＝51), Aomori (n＝51) and Koiwai (n＝50)) were analyzed. Genomic DNA for polymerase chain reaction (PCR) amplification was extracted from the blood of adult Hinai-dori and WL chickens. The total volume of each PCR reaction mixture was 12 μL, and the reaction mixture contained 2.5 pmol of each primer, 200 μM of each deoxynucleotide triphosphate, 1.2 mM MgSO 4 , 0.125 units of KOD plus DNA polymerase (KOD-201; Toyobo, Tokyo, Japan), 1× reaction buffer provided by the supplier, and 20 ng of genomic DNA in a 96-well plate on a thermal cycler (GeneAmp System 9700; Applied Biosystems, Foster City, CA). The PCR protocol was as follows: hot start 75 s at 94℃, followed by 10 cycles of 15 s at 94℃, 30 s at 60℃, and 60 s at 68℃, followed by 10 cycles under similar conditions, except that the annealing temperature was 55℃, and then 30 cycles with an annealing temperature of 50℃, and a final elongation for 9 min at 68℃. PCR products were run with an internal size standard (Genescan 400HD [ROX] Size Standard; Applied Biosystems) in an ABI Prism 3130 DNA Sequencer (Applied Biosystems). To analyze the size of fragments, the GeneMapper (Version 4.0; PerkinElmer) software program was used. Alleles were designated according to PCR product size.
Production of Chimeric Chickens
To obtain stage 14-15 embryos (Hamburger and Hamilton, 1951) , fertilized Hinai-dori eggs were incubated for 48-52 h at 39℃ and 55-60% relative humidity, with 90°t ilting once an hour in a forced air incubator (P-880 (B); Showafuranki, Saitama, Japan). For collection of cPGCs, blood was drawn from the dorsal aorta of stage 12-14 embryos by using a fine glass micropipette (inner diameter, 0.69 mm; outer diameter, 1.19 mm; beveled tip (20°) with an outer diameter of 50 μm; Drummond Scientific, Broomall, PA) under a stereoscopic microscope (SZK12; OLYMPUS, Tokyo, Japan). The cPGCs were purified from embryonic blood by Nycodenz density gradient centrifugation (Zhao and Kuwana, 2003) with some modification (Nakamura et al., 2010a) . Chicken cPGCs were distinguished from blood cells by their remarkably large size and the presence of a considerable number of refractive granules in the cytoplasm, as observed by phase contrast microscopy (IX71; Olympus, Tokyo, Japan) (Fujimoto et al., 1976) . The cPGCs were harvested from the cell suspensions with fine glass micropipettes, while working under a phase contrast microscope. Recipient Akita WL embryos were incubated for 48-52 h to obtain stage 12-14 embryos, in the same conditions as described above. A window, with a diameter of 1.0-1.5 cm, was created at the pointed end of each egg, after making a small hole at the blunt end. To reduce the number of endogenous cPGCs, blood (3. 5-6 μL) was collected from the dorsal aorta of the Akita WL recipient embryos. Approximately 100 Hinai-dori cPGCs were harvested using a fine glass micropipette and microinjected into the dorsal aorta of a recipient Akita WL embryo through the window in the eggshell. This step was performed using a stereoscopic microscope (SZK12; OLYMPUS). After discarding 2-3 mL of albumen, the window in the eggshell was sealed with cling film, and the manipulated embryos were cultured in a forced air incubator at 38.5℃ and 50-60% relative humidity with 30°tilting 2 times an hour until hatching.
Since no male germline chimeras transferred Hinai-dori cPGCs were obtained, the single male germline chimera (C963) and the 2 presumptive female germline chimeras (C982 and C983) produced by transfer of gPGCs from 6-dayold Hinai-dori embryos into Akita WL embryos (Rikimaru et al., 2011a) were used in the present study. The rate of germline transmission for male germline chimera (C963) was 1.9%.
Assessment of Germline Transmission of Hinai-dori PGCs
On reaching sexual maturity, the chickens of both sexes that hatched from the manipulated eggs were crossed with Hinai-dori chickens by artificial insemination, and the feather color of their offspring was examined. The collected eggs were incubated in a forced air incubator (MIC-72H, 72S; M's Factory, Aichi, Japan) until hatching, and more than 100 offspring were produced per parent chicken hatched from a manipulated recipient embryo. Brown-colored or whitecolored feathers indicated that the offspring was derived from the Hinai-dori donor PGCs, while white-colored feathers with small patches indicated that the offspring was derived from the Akita WL recipient PGCs.
Blood was collected from the underwing vein of the progeny produced by crossing the manipulated recipient chickens with the Hinai-dori chickens. Since the ADL0315 marker could distinguish the Hinai-dori breed from the Akita WL line, though it could not distinguish from other WL lines (Anomori and Koiwai). Hence, microsatellite genotyping was performed using the ADL0315 marker in the present study (see Table 2 ). When only the Hinai-dori microsatellite allele was detected in the offspring, the manipulated recipient parent chicken was confirmed as the germline chimera.
Generation of Hinai-dori Progeny from Germline Chimeras
To produce Hinai-dori progeny using gametes derived from Hinai-dori PGCs, 2 female germline chimeras (B892 and B899) were naturally crossed with a male germline chimera (C963). The hatchlings were classified as brown (Hinai-dori×Hinai-dori) or white (Hinai-dori×Akita WL or Akita WL×Akita WL or Hinai-dori×Hinai-dori).
Identification of Offspring from Germline Chimeras by Microsatellite Genotyping
Blood was collected from the underwing vein of the hatchlings obtained by mating of male and female germline chimeras. Microsatellite genotyping was performed using the ADL0315 marker in the same method as mentioned Rikimaru et al.: Reproductive Capability of Offspring from Chimeras above. When only the Hinai-dori microsatellite allele was detected in the hatchlings, it was confirmed as Hinai-dori breed, whereas when only the Akita WL microsatellite allele or both the Hinai-dori and the Akita WL microsatellite alleles were detected, the progeny was classified as not being of Hinai-dori origin.
Management of Hinai-dori Offspring of PGCs Origin
A single Hinai-dori female offspring was obtained by the mating of male and female germline chimeras. The chick was raised to 4 wk of age in temperature-controlled, wirefloored, 4-tier battery cages (78.5 cm×73.0 cm×48.3 cm). At 4 wk of age, the chick was moved to growing cage (90.6 cm×60.5 cm×60.5 cm) and raised there until it was 17 wk old. At 18 wk of age, it was moved to the laying cage (22.7 cm×39.5 cm×45.5 cm), and raised there until it was 60 wk old.
The chick was provided starter feed (ME, 3,000 kcal/kg; CP, 24%) from 0 to 4 wk of age, first grower feed (ME, 2,850 kcal/kg; CP, 18%) from 5 to 10 wk of age, second grower feed (ME, 2,800 kcal/kg; CP, 15%) from 11 to 17 wk of age, and the laying hen diet (ME, 2,850 kcal/kg; CP, 18%) after 18 wk of age. When the chick was 18-60 wk old, it was exposed to a lighting period of 16 h. Feed and water were provided ad libitum throughout the experimental period.
Reproductive Capability of Hinai-dori Offspring of PGCs Origin
To assess the egg-laying ability of a single Hinai-dori hen obtained by mating of male and female germline chimeras, percentage hen-day egg production (between 21 to 60 wk of age) and monthly averages were calculated. In addition, when over 43 wk old, this Hinai-dori hen was crossed with normal Hinai-dori roosters by artificial insemination, to assess hatchability performance. To investigate the fertilization rate and hatchability (between 43 and 60 wk of age), the eggs produced were incubated in a forced air incubator (M's Factory) until hatching. This investigation occurred every 2 weeks for the hen except between 45 and 48 wk of age.
Results
Microsatellite Genotyping of Hinai-dori Breed and WL
Hinai-dori fowls expressed a single ADL0315 microsatellite allele (246 bp), while the fowls of the Akita and NIGLS WL lines expressed 2 ADL0315 microsatellite alleles (248 bp and 250 bp) though Aomori and Koiwai lines expressed two alleles including the same allele as Hinai-dori (246 bp and 248 bp). The frequencies of the 2 alleles of the Akita and NIGLS WL lines were 30% and 70%, and 86% and 14%, respectively (Table 2) . In contrast, all WL lines had the same alleles as Hinai-dori in 5 markers other than ADL0315 (data not shown). Based on these results, the Akita WL line was selected for the recipient to produce germline chimeras, and the ADL0315 marker was used to identify the Hinai-dori breed from the Akita WL line in the present study.
Detection of Female Germline Chimeras by Genetic CrossAnalysis and Microsatellite Genotyping
Hinai-dori cPGCs were microinjected into the dorsal aorta of 7 Akita WL embryos. A total of 6 (2 male, 4 female) viable hatchlings were obtained by injecting recipient embryos with Hinai-dori cPGCs, and 3 (1 male, 2 females) of these survived to sexual maturity. As shown in Table 3 , 2 female manipulated recipient chickens were stable germline chimeras that produced brown-colored hatchlings, indicating that they contain germ cells derived from Hinai-dori PGCs. No white-colored feather hatchlings were obtained in this experiment. The average proportion of donor-derived offspring in the cPGCs-transferred group was 36.5±14.6. In contrast, the 2 chickens that originated from 2 female recipient chickens that had been received gPGCs did not produce donor-derived brown-colored offspring.
Microsatellite genotyping using ADL0315 revealed that only the donor-derived Hinai-dori allele was detected in all brown-colored hatchlings produced from the 2 female chickens (B892 and B899) in cPGC group, whereas both the donor-derived Hinai-dori allele and recipient-derived Akita WL allele were detected in all spotted white-colored hatchlings produced by the 2 female chickens (C982 and C983) in gPGC group (Fig. 2) . Based on these findings, the 2 female recipient chickens injected with cPGCs were confirmed as germline chimeras.
Generation of Hinai-dori Progeny by Mating Germline Chimeras
The numbers of brown-colored, spotted, or white-colored offspring produced by mating of male and female germline chimeras are shown in Table 4 . A single brown-colored progeny that was morphologically identified as the Hinaidori breed was obtained by crossing a germline chimeric rooster (C963) with 2 germline chimeric hens (B892 and B899) (Fig. 3) . Brown-colored hatchling was produced at a frequency of approximately 1% (1/105).
Microsatellite Genotyping of Hinai-dori Offspring of PGCs Origin
Microsatellite genotyping using ADL0315 revealed that only donor-derived Hinai-dori microsatellite allele (246 bp) was detected in the brown-colored hatchling obtained by mating of male and female germline chimeras. In contrast, only the recipient-derived Akita WL microsatellite alleles (248 or 250 or 248 and 250 bp) and both the donor-derived Hinai-dori and recipient-derived Akita WL microsatellite alleles (246 and 248 bp or 246 and 250 bp) were detected by the ADL0315 marker in the offspring with white color and in the offspring with spotted white color, respectively (Fig. 4) . No donor-derived Hinai-dori microsatellite allele (246 bp) was detected in the offspring with white color in this experiment.
Reproductive Capability of Hinai-dori Offspring of PGCs Origin
As shown in Table 5 , mean percentage hen-day egg production of the pure Hinai-dori hen obtained by mating of male and female germline chimeras between 21 and 60 wk of age was 36.4%, and at the peak of egg production (between 41 and 44 wk of age) was 64.3%. Mean fertilization rate and hatchability during the experimental period (between 43 and 60 wk of age) were 58.1% and 53.2%, respectively (Table 6 ). The peak of fertilization rate and hatchability were 87.5% (between 43 and 44 wk of age and between 49 and 50 wk of age).
Discussion
This is the first study to investigate the reproductive capability of offspring obtained by mating of male and female germline chimeras. The Hinai-dori-specific autosomal microsatellite marker ADL0315 that can distinguish the Hinai-dori breed from the Akita WL line was identified and used for molecular identification of pure progeny originating from donor-derived Hinai-dori PGCs. Germline chimeras were produced by transfer of Hinai-dori PGCs into the Akita WL embryos. A single brown-colored female hatchling was obtained by mating of male and female germline chimeras. The results from molecular genotyping using the Hinai-dorispecific microsatellite marker ADL0315 were consistent with results from morphological identification, and the browncolored female hatchling was identified as the pure Hinaidori breed. The egg production rate, fertilization rate and hatchability of the pure Hinai-dori hen originating from donor-derived Hinai-dori PGCs were as same as normal Hinai-dori hens. These results demonstrated that offspring from transferred PGCs has normal reproductive capability.
Previously, we used a Hinai-dori-specific microsatellite marker ABR0633, located on the Z chromosome, for screening male germline chimeras generated by transferring Hinaidori PGCs into WL embryos (Rikimaru et al., 2011a) . However, this microsatellite marker was not suitable for identification of offspring obtained by crossing germline chimeras, as the derivation of the W chromosome cannot distinguish between the Hinai-dori breed and WL. A newly identified Hinai-dori specific autosomal microsatellite marker ADL0315 was shown to distinguish the Hinai-dori breed from the Akita WL line though the marker was not applicable to all WL lines. In the present study, 116 brown progeny were produced from 2 female germline chimeras generated by transfer of cPGCs into the Akita WL embryos. Molecular genotyping using this microsatellite marker demonstrated that only the donor-derived Hinai-dori microsatellite allele was detected in all brown offspring produced by the female germline chimeras, whereas both the Hinaidori and the Akita WL microsatellite alleles were detected in all spotted white offspring. We were able to obtain a single brown-colored female hatchling (out of 105 progeny) by Rikimaru et al.: Reproductive Capability of Offspring from Chimeras Journal of Poultry Science, 51 (3) 302 Fig. 2 . Results of genotyping of test cross-generated offspring using the Hinai-dorispecific autosomal microsatellite marker ADL0315. Offspring were obtained by mating of male Hinai-dori and female putative germline chimeric chickens (B892 and B899) produced by transfer of Hinai-dori PGCs into the Akita WL embryos. Two putative germline chimeras contained only the recipient-derived the Akita WL microsatellite alleles (248 bp, 248 and 250 bp), respectively. The progeny with brown-colored feathers expressed only Hinai-dori-specific microsatellite alleles (246 bp), while those progeny with spotted white feathers expressed both Hinai-dori and recipient-derived Akita WL microsatellite alleles (246 and 248 bp or 246 and 250 bp). The progeny expressing only the Hinai-dori microsatellite allele hatched in the offspring from the 2 putative germline chimeras. Therefore, they were judged as germline chimeras. mating of male and female germline chimeras. The results from molecular genotyping obtained by using the Hinai-dorispecific microsatellite marker ADL0315 were consistent with the results based on morphological identification. Based on these findings, the brown-colored female hatchling was confirmed as pure Hinai-dori breed. The white colored hatchlings were confirmed as Akita WL based on the result of microsatellite genotyping. These results also demonstrated that molecular genotyping using the ADL0315 microsatellite marker is suitable for screening germline chimeras and verification of Hinai-dori progeny produced from PGCs derived male and female gametes when the Akita WL line is used as recipient embryos.
Previous studies have demonstrated that live offspring originating from donor PGCs can be produced by mating germline chimeras (Naito et al., 1994a; Nakamura et al., 2010ab, 2012 . The present study demonstrated that this technology can also be applied to the generation of Hinaidori fowls. We could obtain a single pure Hinai-dori hen of donor Hinai-dori PGCs origin by mating male and female germline chimeras. Mean percentage hen-day egg production (between 21 and 60 wk of age), mean fertilization rate and hatchability of fertilized eggs (between 43 and 60 wk of age) of the Hinai-dori hen were 36.4%, 58.1% and 53.2%, respectively. The fertilization rate and hatchability of fertilized eggs between 49 and 50 wk of age that was period to collect next-generation fertilized eggs in the Hinai-dori breed were 87.5%, respectively. The reproductive capability of the Hinai-dori hen was similar to those of normal Hinaidori hens described in previous reports (Komatsu et al., 2008; Takahashi et al., 2013) . This result indicates that the Hinai-dori offspring of donor Hinai-dir PGC origin has normal reproductive capability. However, further tests are required to evaluate the reproductive capability of offspring from transferred PGCs origin because we could obtain only a single progeny by crossing germline chimeras.
In the present study, the efficiency of producing Hinaidori progeny that originated from donor PGCs was only 1%. The low efficiency of donor-derived offspring generation in this study was likely caused by a low germline transmission rate of male germline chimera (1.9%; C963). In the present study, the sex of the donor PGCs and recipient embryos was not considered. The frequency of donor-derived offspring from germline chimeras is significantly higher for donor PGCs and recipient embryos of the same-sex compared with different-sex combinations (Naito et al., 1999) . Tagami et al. (2007) reported that female PGCs in male gonads passed through the first and second meiotic divisions by adapting themselves to the male environment; however, their ability to complete spermatogenesis was limited. Therefore, it is thought that there is some possibility of mixture sex. To improve germline chimerism, it is necessary to consider the sex of the donor PGCs and recipient embryos. Moreover, the removal of endogenous PGCs in recipient embryos to improve germline chimerism is also important. One method to improve the efficiency of germline transmission is the removal of endogenous PGCs in recipient embryos, prior to transplantation of donor PGCs. It has been demonstrated that exposure of recipient chicken embryos to gamma rays or X-rays reduces the number of endogenous PGCs (Carsience et al., 1993; Park et al., 2010) and increases germline transmission of donor PGCs (Nakamura et al., 2012) . A method to produce high-grade germline chimeras by recipient embryo sterilization followed by the administration of the alkylating agent busulfan (1, 4-butanediol dimethanesulfonate) has been developed (Nakamura et al., 2010a) . They produced male and female germline chimeras in which recipient germline had been completely replaced by donor cells, and purely donor-derived offspring were successfully produced by mating the germline-replaced chimeras. This Rikimaru et al.: Reproductive Capability of Offspring from Chimeras Genotyping results of offspring from germline chimeras by the Hinai-dori-specific autosomal microsatellite marker ADL0315. Offspring were obtained by mating of male and female germline chimeras produced by transfer of Hinaidori PGCs into the Akita WL embryos. A brown-colored hatchling (U620) expressed only the Hinai-dori specific microsatellite allele (246 bp), and therefore, this chicken was confirmed as the Hinai-dori breed. Progeny with white-colored feathers expressed only the recipient-derived Akita WL microsatellite alleles (248 or 250 or 248 and 250 bp), whereas progeny with spotted white feathers expressed both Hinai-dori and recipient-derived Akita WL microsatellite alleles (246 and 248 bp or 246 and 250 bp). The white-and spotted white-feathered progeny were classified as Akita WL and a hybrid of Hinai-dori and Akita WL, respectively. method could be applied not only to preservation but also to augmentation of certain chicken breeds or lines.
In conclusion, we could obtain a single pure Hinai-dori hen using eggs and spermatozoa of transplanted Hinai-dori PGCs origin. The Hina-dori hen originating from donorderived Hinai-dori PGCs had normal reproductive capability. This finding could be useful information for future gene banking of chicken breeds or lines, including the Hinai-dori breed. 49-92. 1951 Weeks of age 
